Treatment of phthalideisoquinolines such as a-(1) and /J-narcotine (2) as well as ß-(3) and a-hydrastine (4) with ethyl chloroformate (ECF) at room temperature afforded, via the chloro-carbamates, the corresponding diastereomeric carbinols with high stereoselectivity. Instrumental analyses of each diastereomeric pair indicate that the major isomers derived from <x-and /?-narcotine as well as from a-and /Miydrastine are enantiomers of each other. The absolute configuration of the major carbinol 6a from a-narcotine (1) was determined by X-ray analysis. The probable difference between the reaction course of a-and /J-narcotine is discussed. On the other hand, treatment of a-narcotine with ECF under reflux furnished Z-(8) and £"-(9) enol lactones, while only the Z-isomer 12 could be isolated from the degradation of /Miydrastine (3) even at room temperature.
similar to 5 are generally known to be unstable, although a species of this type could be isolated by using special reaction conditions and work-up techniques. When we tried to purify the chloro-carbamate 5 by column chromatography, a mixture of 5 and carbinol 6(1:1) was obtained. Besides 6a, the diastereomeric carbinol 6b was formed in a trace amount (H-3'-doublet at 5 = 7.54 ppm). These assignments were established by spiking the mixtures with authentic compounds.
(gjfe.
The crude chloro-carbamate 5 containing a small amount of 6a was refluxed with water to yield 6a andjjin a ratio of approximately 13:1 ( J H-NMR). This means that the conversion of a-narcotine (1) with ECF into the carbinol 6 via the chloro-carbamate 5 is highly stereoselective; therefore 6a (major diastereomer) could be separated by chromatographic methods, showing an optical activity of WD -44°.
On the other hand, when ( -)-/?-narcotine (2) was converted into the corresponding carbinol 10 under the conditions used for a-narcotine (1), the diastereomer ratio was approximately 5:1 for 10a and 10b (Chart 1). Furthermore, the optical activity of 10a exhibits an opposite value ([a] D +44°) to that of 6a ([a] D -44°), though its ^-NMR and other instrumental data are identical with those of 6a, indicating that 6a and 10a are enantiomers of each other. These results point toward different stereochemical courses in the degradation of a-and ß-narcotine with ECF, because the absolute configurations of a-and ß-narcotine are known to be \R,9S and \R,9R respectively, 9, 10) that is, the stereochemistry at C-l in both narcotine diastereomers is the same.
The absolute configuration of 6a was established by Xray analysis. The crystal structure is presented in Fig. 1 . This X-ray determination indicates that the conformation of 6a is threo. Therefore, the absolute configuration of 6a is 15,95", because the absolute configuration of a-narcotine (1) is \R,9S and the 95 configuration is not affected during the reaction. This result apparently proves an inversion in the overall two-step process l->5->6a. Because 6a from a-narcotine (1) and 10a from ß-narcotine (2) are enantiomers of each other, the absolute configuration of 10a corresponds to \R,9R, which is identical with that of the starting material, ^-narcotine. This fact indicates that the overall reaction includes a retention of configuration.
As already stated (see above) we cannot determine the absolute configuration of the chloro-carbamate 5. Therefore, we cannot make definite statements concerning the reaction mechanism: a carbenium ion intermediate, substituted by CP or water (with deprotonation), controlled by the non-affected center of chirality at C-9 (asymmetric induction) may produce the chloro-carbamate 5 and the carbinol 6.
The high diastereoselectivity in the two-step reactions of a-narcotine (1) and /?-narcotine (2) to give the carbinols 6 and 10, respectively, points at least towards a partition of SN2 reactions. This also holds true for the reactions of a-and jS-hydrastine, 4 and 3, resectively (see below).
Having ascertained the structure and stereochemistry of the carbinol 6a and, therefore, of its enantiomer 10a, we 2) or by X-ray analysis.
5)
Shamma and coworkers 2) did not obtain any enol lactone, but obtained the keto acid narceine (16) from mild Hofmann degradation (basic conditions) of a-narcotine. They suggested that hydrolysis of an intermediate enol lactone (CH 3 instead of COOC 2 H 5 in 8) must occur with great ease. This may, in our case, explain why an analogous keto acid was not formed in our ethyl chloroformate degradation (non-basic conditions) either at room temperature or under reflux conditions (vide supra).
The reason why a-narcotine does not form £/Z-isomers at room temperature may be the steric effect of its C-8 methoxy group, which prevents an anti-periplanar arrangement suitable for easy HCl elimination. In addition, the carbon-13 nuclear magnetic resonance ( 13 C-NMR) spectrum (Table II) II8. 2) However, other authors 5) using phenyl chloroformate under reflux did not mention the E-isomer. We also could not isolate the ^-isomer from ethyl chloroformate degradation of 3, but obtained the Z-isomer only, b) The main fraction on TLC was separated and identified as a chloro-carbamate 13 (see Experimental), c) The minor component on TLC was found to be the carbinol 14. The above crude reaction mixture containing 12, 13, and 14 was heated with water to yield the corresponding diastereomeric carbinols 14a and 14b in a ratio of approximately 3:1. This is very different from the ratio of 13 :1 for 6a and 6b derived from a-narcotine (1). Considering the same absolute configurations (\R,9S) of a-narcotine (1) and j3-hydrastine (3), this drastic difference in stereoselectivity may stem from the C-8 methoxy group in a-narcotine, which is absent in /Miydrastine. Whaley and Meadow 13) reported that the action of ECF upon hydrastine under Schotten-Baumann conditions afforded meconine and N-carbethoxyhydrastinine. Similarly, meconine and 7V-carbethoxycotarnine were formed from narcotine.
13)
Finally, the conversion of ahydrastine (4) afforded 15a and 15b in a ratio of approximately 2:1. This result is also significantly different from the ratio of 5:1 for 10a and 10b derived from jS-narcotine, whose absolute configuration is identical with that of a-hydrastine.
9)
Several instrumental analyses also proved 14a and 15a as well as 14b and 15b to be enantiomers of each other.
Experimental
Melting points were taken on a Kofler hot stage apparatus, and are uncorrected. Infrared (IR) spectra were recorded on an EPI-G2 (Hitachi) spectrophotometer.
1 H-and 13 C-NMR spectra were obtained on Varian XL-200 (200 MHz) and VXR-500S (500 MHz) spectrometers in CDC1 3 solution with tetramethylsilane (TMS) as an internal standard. Mass spectra were determined on a Hitachi M80 instrument at 75 eV. The chemical ionization mass spectra were obtained by using isobutane as the ionizing gas. Optical rotations were measured using a DIP-SL (Jasco) Polarimeter. Circular dichroism (CD) and UV spectra were determined on a Jasco ORD/UV-5 spectrometer. Microanalyses were performed by the Microanalytical Laboratory in Kobe Women's College of Pharmacy, Japan. TLC and preparative TLC were done on Silicagel 60F-254 glass plates.
(-)-3-{[2-(^-N-Ethoxycarbonyl-A^-methylaminoethyl)-6-methoxy-4,5-methyIenedioxyphenyl]chloromethyl}-6,7-dimethoxy-l(3//)-isobenzofuranone (5) a-Narcotine (1), (0.41 g, 1 mmol) in anhydrous dichloromethane (2 ml) was stirred with fresh ECF (0.4 ml, 4 mmol) at room temperature for 5h. Thorough removal of the solvent and the excess ECF gave 5 as a colorless crystalline material, which was not further purified. (-)-3-{[2-(^-A^Ethoxycarbonyl-yV-inethylaininoethyl)-6-methoxy-4,5-methylenedioxyphenyI]hydroxymethyl}-6,7-dimethoxy-l(3//)-isobenzofuranone (6a and 10b) and (+)-(10a) a-Narcotine (1) or 0-narcotine (2) 10) (4.13 g, 0.01 mol) was dissolved in dichloromethane (10 ml) and stirred with ECF (4 ml, 0.04 mol) at room temperature for 5 h. The solvent and the excess ECF were thoroughly removed to give the crude products, which were refluxed with water for 5 h, then cooled reaction mixture was extracted with dichloromethane. Removal of the solvent gave the diastereomeric carbinol 6 or 10, respectively. Preparative TLC with chloroform-ether (1:1) provided 6a from 1, and 10a and 10b from 2. Compound 6b could not be obtained in a sufficient amount for analyses. 6a: mp 98-99 °C, [ Tables I and II. 
